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These data furnished as part of an unsolicited proposal shall

nbtube disclosed outside the Government or be duplicated, used
or disclosed in whole or in part for any purpése ofher.thanuto-
evaluafé fhe pfoposal;.pfovided, that if a.confract-is awafdéd
to this offeror as a result of or in connection with the sub-
 mission of such data, the Governmenfighall have fhe right to
duplicate, use or disclose these data to thé éxfent provided
in the confract; This restriétibn.does not limit the Govern-
ment's right to use information contained in éuch data if.it

is obtained from another source.

The accompanying probosal relates to the evaluation and appli-
éation of materialé; some of which are the result of Cdrning's
inventions in the composition, processing, and manufacturing

of élass. Improvementé which may. be méde thereon in thé - |

course of work béing performed under the proposed program

3 ©32

3 o 3 3 &3

would be regarded as "Subject Inventions' under which the
Government would obtéin free and non-exclusive rights for
Government end—usé in accordance with the proyisions of
ASPR9-107.5(b) 1. It is not our intent to grant to the Govern-
ment rights under any background‘inventions or technology,

including ‘glass composition and processing.
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I. INTRODUCTION

)

Pa——
Cdrning Glaés Works-wishés to propose:fhat fheidiscoveriés
made COncerﬁing'the~m9chanism’and phenomena invoived in
regr'projection screen-deéign.and perfofmanée uhdé; a
COﬁtractjﬁqw-juét:conclﬁdiﬁg‘be.carriedAforward énd put'_

. to practical application. This will include the further

' exploitationAof'the theories developed and will,entaiij

the selection and combination of the materials found to

€ 3.

be most suitable to fabricate screens having enhanced 
performance in the areas bf fhe most critical response

requirements.

B. COMPANY BACKGROUND
.Undé: the'afore.mentioned contract,.Corning has been
_________ éngaééaSindevmid—1965'ih thé:applicéﬁiéh 6f“glass; glass{
A cefamic and ceramic partiCIes as light scattersfto,coﬁ-

struct improved rear projection screens. Particular

_%‘. 1uféf%énfi6ﬁ.has—béen giveﬁ:to:brightneSs and.brightness
variatién,'efficiency, resblution, contfast,.and_diffuse.
‘  refiecti§n. A.major part of fhé'Workbhas been devoted to
détermining‘the effects oﬁ these parametefs of the par-
'_tiéles’themselyés énd‘their‘p;operties, the prépertiés of
the materials,serving as vehiéles for the particles and

the properties of the substrates for the screens.
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In Addition'to-deriving the'significant performance

‘parameters,the-equipmenf,(at Corning‘S»éxpense)'was

~designed and buiit,fof'determining them. As:ah'example;-by

a MIF analyzer is now available which bY'deSign:and

operational procedure is particularly suited for rear

Projection screen evaluafibn}.3TheiLgboratory”isvunusally

well equiped at this time for going forward in this field

~as will be noted from the ”Instrumentation" séction.in'w

the final report.

' In the course of fhe work several distinct approaches

were taken to the creation of optimum screens. The first
of these was the use of the glass-ceramic process for

developing the type of cfystaline volume scatters as

‘dictated by thebrym "fhe practical results agreed very

EXIS

'Wéli with predicted results, but the demands of resolution:

necessitated such a thin cross section as to be impractical.

Several methods were then successfully developed for

- incorporating the scattering particles in thin layers.

.While good results were obtained, it became evident that -

one important parameter, contrast, could be greatly

improved through manipulation of the fransmission of the

- substrate. This will be discussed in more detail in the

Declassified in Part - Sanitized Copy Approved for Release 2012/09/06 : CIA-RDP79B00873A001900010121-0
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propbséd program.

A different approach to the problem was the use of

shaped light refractors. One attempt incorporating

R I

.FOIQFORM.gléss waé successful'iﬁ"develéping'theA1enticuf
lar surface bﬁt uﬁWdﬁted;éfysfaljgrOWth degraded the -
':eéolution.b Theo:etiéal gkéminaﬁion of screeﬁs.formear
. from réfractihg beads andvproéérly ﬁasked’showed great
promise. Reduction to_practice in the tine still avail-
: able was:nbt-possible but the Approach deserves furthér-

effort.

Throughqut the course of the project, considerable
experience was had'in the subjective evaluation of -

‘screens. It is felt that this in conjunction with the

£

e R s T s e Y s O s [ i

new instrumentation -will be of value in reassessing the
‘comparative importance of screen performance c¢riteria.
Such information would be of great value in optimizing

the results.

ATTACK TO BE FOLLOWED

The experience and background information gained from -

the recently completed'contract,will be drawn on very

C3. C3 €23 T3 €3 €3 3
O
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heaviiy;‘_It'is‘expected-that the contracting agency |
 will be able to. supply fur ther: background in the phy- -
siology of seelng and the Human factors 1nvolved in f

viewing. The program will then‘begin by combining.and

idrawing'cnvthese’infOrmation Scurcee,tdeeStabiish a"f'
basis fof'reappraising the criteria for ecreen_perfor—'

imance;'.A systems pcint of viewtwillvbeutaken which 1t
will encomnase the.screen; the v;ewing machine and the

viewer.

From the original work, it is quite evident already that

e contrast is one of the most imDortant criteria. The

systems type ana1y51s will cldarify and quantlfy this

3

vparameter whlch will be the first objectlve of the ex-

perimental portion ofvthe project. Since the theoretical

and practical indications point towards the need for
 controlled absorbtion in the subst:ate,effort will be
dlrected towards thls Towarde the same objectlve of -

=T ' b kod S
-.contrast enhancement work. w1ll also be orlglnated on

JoptiCal_coatings to minimize the'sen51t1v1ty to ambient

\

light.

Refraction rather than scattering offers an alternate

approach-having-theoretical advantages in light control

€
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and effidiéncy. VA:potential disadvantage is limited
. resolution since it depends on the attainment Qf'very
small lenticules. It is thought to be worthwhile in-

vestigating further such screens due to the fact that

>potehtia1 improvément is appreciab1y greater fhan'thei
improvement fheoretically available in discrete-particle

. screens. R

D U2
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IT. RESULTS EXPECTED

The analysis of screen performance requirements is expected

" to lead to the optimum choice of pafameteis of Corning

screens and a careful comparison of Corning and other

3

. commercial screens.  The analysis will also guide the screen
development program'during the program.

Experimental_stﬁdy is expected to confirm theoretical pre-. ..

dictions relating to the advantages of using an absorbing

_substrate to ;educe'stray.light and maintain’screen contrast.
In fheAcourse_of fhis}work.several approaches to obtaining 
neutral densi¥y substrates will be ihve;tigated and it is

o “1 expécted that one of théselsgbstratgs Will be integfated

into practical rear projection screens.

Thére is - no real doubt that a useful reduction of surface

" reflections for glass substrate screens can be achieved..

Anti-reflection coating of flexible substrate screens appears

- _to offer difficulties.. Large flexible substrate screehs are

eqsierffﬁwmaké than rigid substrate screens. A compromise
méy be to coat a glass substrate and form a flexible sub-

sfiéte screen separately and then assemble the flexible sub-

strate onto the glass substrate.
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Results ffomvthevlenticular screen work wiilvbe strongiy

dependent on the successful formulatibnvof-a configuration

which is both optically efficient and capablé of fabrication.

The theoretical work requifed to relate screen physical

properties to optical prbperties wili diéclosevany theore-
tical performance limitations which have not yet been
recognized, and will allow maximum flexibility in choice of

optical properties.

Development of workable masking techniques is expected to
-result in lenticular screens having low ambient light sensi-
tivity. The fabrication investigation is expected to deter-

mine the feasibility of fabricating lenticular screens which

have the.conceptual advantages discussed in Section III.

Sample_screens of candidate configurations will be made.-

Theorétiéal and experiméntal investigations are expected to

result in a clearer understanding of the discrete-particle.

(2 3 @23
|

' screen. Discrete-particle_screens with better efficiency

and. diffuse reflectance are expected from the work discussed

€2

in Section III-E.
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Constant attention will be given to the ddst'and produci-
" bility of the screens potentially resulfing frdm the in-
vestigative paft“of the projéct,_ The final product will be

‘practical on both counts.

Summary‘reportsbwill be pfovidéd each ac¢ountingAperiod :

(4 Weeks).. A final report -will also be provided.. .

‘Sufficient screen material of the best selection will be

provided for testing on a 30" x 30" viewer.  It will be in

a single continuous piece if practical. Available equip-

ment may limit the size of a singie'sheet to something"

sméilér,but sufficient sheefs will'be_made to cover the

30" x 30" aperture,

o R -
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III. TECHNICAL DISCUSSION

" depend on many of the projection system and observer

contrast of 1000 to 1 perceivable to the observer in the

presence of ambient light.

ANALYSIS OF SCREEN PERFORMANCE REQUIREMENTS

The use of darkening material in a rear projection screen

can improve the contrast of the display at the expense

of brightness. The most favorable screen parameters

2! |

parameters. The overall objective is to make the input

It is p1ahned to relate Coraing écreen,parameteré to
physiologicai and viewer data supplied by the Government
Agency. This coméarison Will enable an“optimum.choiceb
of existing Corniﬁg sgfeen parameters to be‘made.and

compared to the system performance with the Polacoat 60

_screen. From this system comparison the advantages to~

.be gained by enhancement of Corning screen characteristics

can be determined.

There is no doubt that darkening of the screen substrate
and reduction of ambient light reflection will be
desirable._ HoWever, the precise degree of darkening

requires quantitative determination.

If the darkening is somewhat wavelength sensitive, zero

dissipation reflective color correction filters can be

Declassified in Part - Sanitized Copy Approved for Release 2012/09/06 : CIA;RDP79BOO873AOO1900010121-0
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inserted into the projector. The use of water cells
and dielectric thin film filters can filter the non-

visible components from the source lamp in the pro-

jector, perhaps ehabling more light to be provided in @/4/
the projector beam. A scheme to immerse the trans-
- parency in a liquid would considerably increase the

- power rating“of the transparency.

. i |
Careful design of the observer's room w111 help reduce L/L/HVV@

P

the ambient.llght,1n01dent on the screen. .Black walls,

at least in the areas contributing to épecular reflec-

33 3 €3 ¢33 &3

tion, will greatly reduce the specular reflection.

A felafively long focal length projection lens will
- make the syetem more tolerant of screen sag defocusing
effects than a short focal length lens system.. if the
'screen plane is horizontal, with theeobse:versllooking
;dowﬁ.at it, the sag is in the feverse direction from
the.norﬁel focal plane curvature so that a rigid sub-

strate may be preferable to a flexible substrate.

If a .systems approach is taken; some of the findings

relating to optimizing screen performance may suggest
modifications in the viewer along the afore mentioned

lines.
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B. INVESTIGATION OF DARKENED SUBSTRATES

Theoretical investigations indicate that a loss of image
contrast, an increase ip sensitivity to ambient light,
and a lowef than necessary efficiency can occur When.
rearvprojection screené consist-of a:diffusing layer,

containing an absorbing material, and a transparent, non-

C3

absorbing substrate. All known rear projection Screens,

that exhibit high resolution, are fabricated by forming

a diffﬁéing iayer on.a clear substrate. .These screens
gie m;devless seﬁsiti&e to ambile ligﬁt by adding some
absorbing mate:ial fé the diffusing layef. This solution
isrundesifable not Only‘because therefficiency of the
projection is réduced, but alsd because a significant
fraction of the ambiént light is backscattered close to

the screen surface nearer the viewer, and passes through

very little of the absorbing material.

A more effective way of reducing the diffuse reflectance
‘would be to place an absorbing layef next to, and on the
viewing side of the diffusing laver. This ensures that

all the diffusely reflected ambient light passes com{

Pletely through the absorbing layer twice. The absorbing

material should now be more effective in reducing the

__ Declassified in Part - Sanitized Copy Approved for Release 2012/09/06 : CIA-RDP79B00873A001900010121-0
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(A

diffuée_reflectance.for a‘given loss.of'projection
‘irradiance;‘therefofe, 1ess.absorpfionAis.needed and
the efficiency of the screen can be inproved.' This
abeorbing layer should also greatly reduce the fraction
of ambientylight traPped in the substrate'by'total
reflection, after being diffusely reflected, hence

reducing the appafent diffuse reflectance still further.

In addition, part of the projector light is trapped by

the substrate, propagates across the'screen, and. con-

€2

tributes unwanted light to adjacent areas, which reduces
— image contrast. When an absorbing substrate is used,
the long light path causes a substantial reduction in

‘the trapped light thereby maintaining image contrast.

(3 32 3

Experimental investigations are needed to identify suit-
able absorbing substrates and to determine the degree to
which these advantages can be practically attained. If

- Mﬂnéﬁ?iei"'density is difficult to achieve, some color

\

T correcticnrin the projector source should be considered.
Vit.is also necessary to inveetigafe the trade-offs
between efficiency, ambient light rejection, and.contrast
in orcer to be able to specify the optimum amount of

absorption needed for a variety of different viewing

requirements.

i

t .‘ . !
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_itf,

C. REDUCTION OF SURFACE REFLECTIONS

In the absence of some means to reduce surface reflec-

3

tions they will determine a lower limit to the diffuse

g or specular reflectance obtainable with a rear projection

screen. A rough surface towards the viewer will give

-

diffuse reflectance and a smooth'surface will give specu-

)

lar reflectance. Surface reflections will also cause
loss of screen efficiency although this loss will be
much less significant for the system than the ambient

light reflection.

Fresnel reflections occur whenever a discontinuity of

refractive index occurs such as at a surface. The pro-

3 3 O )

portion of vertically polarized light reflected at a

-

plane surface is given by:
tan? (05 = 0y¢)
tan® (83 F 8¢)

R (Perpendicular) =

'where>ei is the incident angle and 6¢ the angle of the

iy

ffanémitted ray. At normal incidence the proportion of

pylight reflected reduces to:

(N+1)2

o T s e N e I

where N is the ratio of the two refractive indices at

3

the discontinuity. The corresponding relations for

3
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horizohtally‘polarized light are:

2 (s,
2 (ei + et)

‘R. (Parallel) = 20

sin

and '
(N-1)2'

R = -
(N+1) 2

Typically, an air to transparent material interface
gives ebout’S% ref lection uplto aboutv45° for equal
ameunts of vertical and hofiéontal polarization (pften_
‘referred to as unpolarized light). As the larger angle

(g,

i orAet) approaches 90°, reflection approaches 100%.

For vertical polarization where 03 + 6t = 90°, no

angle.

vao types of-approaches»to reduce'surfece reflectiens
exist. One approach is to Sef‘up extra Fresnel reflec-
fione thch cancel the surface feflections. One of
more.laYersvof thin materiai of carefully chosen refrac- -
tive index and thickness are Commonly'used. Reflection
reduction to below 1% over the visual Qaveband from O to
‘450 angle of incidence can be obtained. Various schemes
and performance characteristics are_discussed in MIL-

HDBK-141, (Military Standardization Handbook, Optical

i

{

0

0

i

i

!

C

-
D - reflection occurs and the angle is known as the Brewster
C

i

i

C

i

U

0

L
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‘Design) section 20.3.

- The techniques available for depositing the thin layers

.largely determine the'success’of'the reflection .cancel-

lation approach. For glass and other tough substrates

‘gij”

evaporation in a vacuum is the dominant approach.

T3

Accurate film thickness monitors are avaiiabie enabling
- calculated performance (for the materials used)'to be

achieved. The choice of low refractive index materials

used in the films tends to 1limit the'achievable per for -

mance. To our knowledge, piecés 40" Square have been

-
|

single layer vacuum coated and 40" x 20" pieces have

€3

been tri-layer coated. ' During coating deposition it is

preferable to heat the substrate to give goodbadhesion,.b

€2

thus:EEQ order of application of the rear projection
ééiéen'making processes musf.be éarefﬁlly~considered.
ihe useléf»yapuum‘deposited éoatings With a flexigie
Rléggicfsubstréte may'not-be‘practical due to the heating

" required.

Other approaches to the formation of thin films are
possible such as chemical reaction in a vapor or liquid

~or anodization. Some of these.methods may be feasible

for use with largé plastic substrates depending, among

€3
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other factors, on the precision of control available.

._ v;-[ij __.,

. The Sécqnd approach to reduce surface reflgctions is:
to providé.aigradual.changé of‘refractive index between
air and the substrate. This change should extend over
at least half a wéveleﬁgth thickness. This scheme is
wideband and-insensitive to angie of incidence and can
be implemented at micfowave frequencies but satisfactory

optical material is not available.

D. LENTICULAR SCREENS

Lenticﬁlar; or lens-like, screens operate by refraction
of light rather than by iight.scattering. One such

'screen consists of a plane matrix of very small lenses.

Each small lens acts as an imagé-transfer element, tak-
ing a small element of an image which is projected on
- the screen and transmitting and spreading the light from

the image element over the viewing field. The size of

the individual lenticules must be kept small if good

resolution properties are to be obtained.

An ideal rear projection screen, for most applications,
would have 100% transmission efficiency, constant

brightness within a specified rangé of viewing angles,

Declassified in Part - Sanitized' Copy Approved for Release 2012/09/06' - CIA-RDP79B00873A001900010121-0
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and zefo diffuée réfle¢tahce§ rThé ;mpogsibility 6f_ 
obtaining a scattering screen which'éimuitaneously
éatisfies fﬁeée'requiréﬁents'has been establiShed.,
Lenticular séreehs; however, are not Sgbjecf ﬁé fhe
saﬁe'frade~offs_and 1imitatiohs as scaftering screehs,
and proygrly dgsigﬁed.lenticulai screens'cah-condeiv—v
.ably approach these iaeél tequirements; _Provided that
cafe.is taken to avoid total internal refléction of
PrOje¢t§r>1ight and that the 1eﬁticuleé #ré cloée—~
,”packed wifh no void areas_in_bétweeﬂ,,the effiéiency-‘
ofllépticular screeﬁs is limited only‘ﬁy sﬁfface re-
flection losses. Ambieﬁt light sensitivity can be kept
small by desiénihg the screen to t;anSmit or absorb ,.
ambient light. The iargé range of angles'at‘wﬁich

ambient light strikes all points of -the screen leads to

the use of an‘abso:bing‘maSk’on the viewing side. All
" the projector 1light is focuSedvthIOugh small openihgs

in the mask.

By the use 0of an aspheric shape for the individual len-

ticules, screens exhibiting constant brightness over a
specified range of viewing angles are possible, without

a sacrifice in éfficiency.  Sphérica1 lenticules will
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give an approximation to constant brightneSs'at smai}er

viewing angles. The,bnly mechanism for color distoxr-

3

~tion in lenticular screens is dispersion, which is a

small effect compared'to the wavelength dependence

inherent in scattering screens.

The major problem in the development of practical len-

ticular screens‘is fabrication. Ihe periéhery~ofvthe
indiVidual lenticﬁles'musf have a shape which allows
clbsefpaqking with HO:QOid areasgle.g; triangularzr-
regtangular,fhexégonal; etc. vThe bfightness uniformity
‘of lenticular screens is dépendent on lenticule cufva—

ture, so it is desirable that this‘curvature.should.be

controllable. Workable masking techniques are needed
in order to obtain superior ambient light sensitivity -

characteristics. All of these problems are made more

" complex by the requiremeht of smali‘close—pécked,lenti—

3

cules, preferably less than 20 microns. in diameter, to

meet resolution requirements.

. Based on' the preceding discussion, the f01lowing‘pro—

gram for development of lenticular screens is proposed:
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 1. Séekconfigurations which will allow the realizafion
of the conceptual advantages. These configurations.
will be analyzed to determine the screen properties
éxpected; |

2. Investigﬁte prbmising materials aﬁdmtechniques
applicable to the fabrication and fmasléi.iné of lenti-
cular screens.

3. Full.size.screens will be assémbled from smaller
samplésvfabricated using wprkable ﬁéchniqués and

materials.

~ E. DISCRETE-PARTICLE SCREEN PERFORMANCE IMPROVEMENT

The disagreement between the measured and predicted per-

formancé‘of discrete-particle screens which exists is
not well understood. It is important to improve this

type of screen because of the inherent high resolution

€ 3 £

and potential fabrication advantageé.

©amemem

Theoretical limits of performanée for volume scattering

ﬂmaterials have been calculated ‘and substantiated by

measurements of bulk glass-ceramic materials. The dis-
crete-particle screens are of this same class and were

expected to demonstrate the same lavels of per formance;
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however, méasured.vAIues of.efficiency are only 6Q%iof
the theoretical‘values, and.vglues_of>the diffuse. )
reflectance are too great by almost a factor of two.
This type of séréen exhibitS’very,high‘reéolufion;
e.g.,.MTF = .89 at lO'lines/mmvand square’ba:.targets
gan.b§ ;ésolved with.spaﬁialverQuépgies in excess  of

100 lines/mm.

Both theoretical and practical investigations will be
conducted in an attempt to improve the performance of o

this type of screen.
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IV. RECOMMENDED PROGRAM

The recommended sched@le is shown in FIGURE 1. 'Ihe schedule
iS'Based on Corning's fbuf~wéek ac;ounting éefiods:‘.It Wili
'be“notiéed that several activities‘will be3simu1taneous for
an appreciable portion of the program.. This reflécfs the
custom optical servicgs to be utilized and specialized‘

assistance from Departments of Cbrning other - than the Elec-

tronic Research Laboratory. First priority has been given to

initiating the system studies, together with the investigation

-

of substrate darkening and reduétion of surface reflections.

Once an activity has been initiated, action in one form or

another is expected until nearly the end of the program.

.|’ 4\}

Two periods are allowed for sample screen fabrication and

M)

final report writing at the end of the progran.

Progfess will be reportéd in period reports.

==

C 3 T2
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. VI. FACILITIES

The facilities available at the onset of the first c'ontract:.

have beén-maintained.iﬁtact and additions have been made.

€3

A 300 square foot laboratory has been set up just for dis- |

pliy screen research and equipped with the following new "
instrumenté:

a goniophotometer_

é-mbdulation transfer function aha}yzef

a diffuse reflectometer
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